The moisture sorption isotherms of chicory inulin powder at 25 to 45 o C were determined. The chicory roots were submitted to hot water extraction, filtering and concentration by evaporation and spray drying. The encapsulating agents, hydrolyzed starch (7.5%) and modified starch (7.5%), were adding prior to atomization. BET, BET linear, GAB, Halsey, Langmuir, Oswin, Peleg and Chung models were tested to adjust the experimental data. BET, Halsey, Oswin and Peleg models presented the best adjust of experimental data. The moisture content of the formulated chicory inulin powder corresponding to the water activity considered as safe for microbiological activity (65%) was inferior to 10g/100 g of dry solids in the temperature range analyzed. Keywords: water activity, gravimetric method, mathematical model, encapsulating agent.
INTRODUCTION
The Cichorium intybus L is a seasonal food material, native of Europe, west and central Asia, north of Africa and South America and its tuberous roots store inulin (superiot to 20%). Inulin is a reserve carbohydrate, which consists of a chain of fructose molecules with a terminal glucose molecule. The application of inulin as a substitute for sugar or fat in foods industries has been increased recently due to its uses to low caloric foods formulations. The inulin also presents some functional properties. It acts on the organism in a similar way to dietary fibers and have found applications in the production of functional foods and nutritional composites and medicines (Figueira et al., 2004) .
The most stable form of commercialization of inulin is the powdered extract due to its better facility of manipulation. Conventionally, the chicory powder inulin is obtained by dehydration of the aqueous extract of chicory roots (Cichorium intybus L.) in a spray dryer (Nogueira, 2002) .
The relationship between moisture content and other constituents of foods affect the hygroscopic properties of these materials. Moisture adsorption isotherms exhibit equilibrium relation between the moisture content of food and water activity at a given temperature and pressure (Gustafson and Hall, 1974) . Knowledge of adsorption isotherms of a food product is essential to very important applications in food science and technology as processing, transport, storage and consumption. The deteriorative mechanism in food systems is very dependent on water activity. In order to inhibit microbial growth and enhanced the shelf life of dry food, the water activity is often reduced (Labuza, 1986) . The knowledge of moisture sorption characteristics for these products would allow correctly specifying the conditions of storage and packaging.
The moisture sorption curves are mathematically expressed as equilibrium isotherms equations. These equations predict the effect of temperature and pressure in the quantity of adsorbed or desorbed water by a given product. The just determination of equilibrium moisture in dry products is important to optimization of dehydration process (Erbas et al, 2004) . Model of experimental sorption isotherms are of great use for predicting thermodynamic tools for determining interactions between water and the food matrix. Several empirical, semi-empirical and theoretical models have been used for describing moisture sorption isotherms of foods , Chirife & Iglesias, 1978 Valentini et al., 1997) . Park and Nogueira (1992) ; Zhang et al. (1996) ; Kiranoudis et al. (1993) ; Lomauro, Baski & Labuza (1985) , reported that the three-parameter BET and GAB polynomial models are the more appropriate for describing most food isotherms (fruits, vegetables, coffee, milk, condiments and others) over a wide water activity range. Figueira et al, 2004 conclude that sorption curves of chicory roots at 60, 70 and 80 o C, fitted better to the GAB and Peleg models. In this case, the equilibrium moisture content decreased as temperature increased for constant value of water activity.
No significant data is available in the literature on water sorption isotherms of formulated inulin products. Considering the development a shelf stable inulin product, the objective of the present study was to determine, at different temperatures, the adsorption isotherms of formulated inulin powder and so as to adjust them different models recommended in the literature.
MATERIAL AND METHODS

Preparation of inulin powder
Formulated inulin powder was prepared according Nogueira (2000) . The chicory roots were submitted to following steps: hot water extraction, filtering and concentration by evaporation and spray drying. The encapsulating agents, hydrolyzed starch (7.5%) and modified starch (7.5%), were adding prior to atomization. The inlet and outlet drying temperature in spray dryer were 190ºC and 95ºC, respectively.
Chemical analysis
Proximate composition of inulin powder was determined by standard methods indicated in AOAC (2000).
Sorption equilibrium measurement
The standard gravimetric technique (Bell & Labuza, 2000) was used for equilibrium studies at different temperatures (25 o C, 35 o C and 45 o C). It consisted of sorption measurement using nine saturated salt solutions (LiCl, KCH 3 COO, KF, MgCl 2 , K 2 CO 3 , NaBr, KI, NaCl, KCl) for a range of relative humidity Revista Brasileira de Produtos Agroindustriais, Campina Grande, v.9, n.1, p.37-44, 2007 from de 0.1116 to 0.8434 according Greenspan (1977) . These salts were recommended to maintain the relative humidity inside the desiccators (Bizou, Riou & Molton, 1987) . The desiccators were immersed in an oven (Olidef CZ) adjusted to a fixed temperature to maintain the salt solutions at a constant temperature.
For the sorption experiments the samples of inulin powder were weighted (1g 0.001g) in polystyrene dishes and placed into the sealed desiccators for adsorption data acquisition. The weight recording period was two days until a constant weight determined in an analytical balance (Scientech). The difference between two consecutives measurements was less than 0.001 g. The dry solid of samples was determined by drying at 105 o C in an oven according to standard method (AOAC, 2000) . Each experiment was carried out in triplicate. The equilibrium moisture in dry basis was determined according to Eq. 1. 
Data analysis
Least square regression analysis was used to adjust the experimental data by BET, BET linear, GAB, Halsey, Langmuir, Oswin, Peleg Henderson and Chung mathematical models ( Table 1) . The "STATISTICA" program was used to estimate the equilibrium parameters from experimental data of sorption isotherms at constant temperature. The criteria to select the best fitted model was the correlation coefficient (r 2 ) and percent average relative deviation (ARD) as recommended by Chen & Morey (1989) . To practical purposes, ARD bellows 10% indicate the goodness of adjust. The water content of the monolayer was determined from the BET equation. 
RESULTS AND DISCUSSION
The equilibrium moisture contents for powder inulin are found in the range 0.0197 to 0.8444 g/g in dry basis (Table 2) . It can be observed a significant effect of temperature in the moisture equilibrium for aw between 0.5757 and 0.8434. In general it can be observed that X eq decrease as temperature increase (Table 3 ). The effect of temperature is more significant for water activity superior to 0.60. The sorption isotherms of formulated inulin powder can be represented by Type III curve (non-sigmoidal), typical of many sorption isotherms of food material (Fig. 1) . According SamaniegoEsguerra, Boag & Robertson (1990) , food with high sugar content adsorbed low quantity of water at low relative humidity and very high quantity of water at high relative humidity. It also can be observed in Fig 1 the Iglesias & Chirife (1978) for different fruits with high sugar content. It can be observed that the adsorption increases as relative humidity increases promoting the sugar dissolution. At higher temperatures the equilibrium moisture is lower, at a given water activity, indicating less hygroscopic capacity.
The estimated parameters, the regression coefficients and average relative deviation for the BET, BET linear, GAB, Halsey, Langmuir, Oswin, Peleg, Henderson and Chung models are presented in Table 3 . According to criteria adopted, it can be concluded that BET, Halsey, Oswin and Peleg models presented the best fitted to experimental data with regression coefficients superior to 0.9816 and average relative deviation in the range of 2.54% a 9.79%. The experimental and adjusted curves to BET models are presented in the Figure 1 . (table 3) . X m values indicates that formulated inulin powder presented low hygroscopic characteristics, similar to value obtained to starchy products, between 0.0323 and 0.1297, according to experimental data reported by Lomauro, Bakshi & Labuza (1985) . Different to equilibrium moisture content, the effect of temperature on the X m value can be considered neglected. Similar to data reported by Schar & Rueg (1985) , it can be considered that water molecules, surrounding the sample, presented the same kinetic energy as temperature change in the range evaluated. The X m values obtained by the GAB model were higher than those by the BET model. The similar results were reported by the other investigators (Sandoval & Bareiro, 2005) .
The X m values of foods change with composition and processing. Cadden (1988) , reported that the processing of wheat flour cause a slight reduction in the X m values (0.0636 in the natural fiber to 0.0595 after milling). It was reported by Hebrard et al (2003) that proteins of wheat flour have about five times higher hydration capacity than native starch.
The BET constant (C BET ) was found between 23.78 and 27.5. In the literature, reported value of C BET for wheat is 21.7 (Timmerman et al 2001) . This constant is related logarithmically to the difference between the chemical potential of the sorbate molecules in the pure liquid state and in the first sorption layer. So, these results are considered as indicative of intermolecular attractive forces between adsorption sites and water vapor. o C. BET, Halsey, Oswin and Peleg models presented the best adjust of experimental data with regression coefficients superior to 0,98 and average relative deviation in the range of 2.54% to 9.79%. The moisture content of the formulated chicory inulin powder corresponding to the water activity considered as safe for microbiological activity (65%) was inferior to 10g/100 g of dry solids in the temperature range analyzed. If storage in the high relative humidity and temperature, typical of tropical ambient air, the moisture content of the formulated chicory inulin powder was superior to 15 g/100g of dry solids.
